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ABSTRACT 


The position of the spin axis of the Helios A spacecraft has been main- 
tained and updated by a series of attitude control maneuvers, by means of a 
sequence of unbalanced jet forces wh'ich produce an additional disturbed 
motion of the spacecraft's center of mass. This report examines the charac- 
ter of this motion, its magnitude and direction. In addition to this, for 
practical purposes of the orbit determination of the spacecraft, a computer 
program shows how the components of the disturbing acceleration in the 
spacecraft-fixed reference frame can be easily computed. The program is given 
as an appendix to this report. 
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DISTURBING EFFECTS OF ATTITUDE CONTROL MANEUVERS 
ON THE ORBITAL MOTION OF THE HELIOS SPACECRAFT 


R. M. Georgevic 


J r roductlon : 

The unbalanced attitude control nozzle firings on the spin-stabilized 
Helios spacecraft during the sequence of attitude control maneuvers are 
producing disturbing effects on the orbital motion of the spacecraft. 

This additional motion of the center of mass of the spacecraft occurs only 
when the jet force of the nozzle is not counteracted by another jet force of 
the same magnitude and opposite direction, thus producing a couple which 
causes a purely rotational motion of the spacecraft. 

The jet force is not continuous: it starts when the Sun sensor activates 

the nozzle and lasts for one quarter of the rotational period of the space- 
craft, i.e. for one fourth of a second and then stops, to start again at the 
beginning of the next second. Each cycle has sixteen such pulses; between 
each two cycles the nozzle is inactive and produces no force. The maneuvers 
of the Helios A spacecraft are shown in Table 1. 

In further text we shall entirely disregard the rigid-body motions of 
the spacecraft and examine only the effects of jet forces on its orbital 
motion, considering the spacecraft as a point-mass. Still, to simplify a 
rather complicated analysis of the motion under the influence of these forces 
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combined with the motion under other forces acting on the spacecraft, we 
shall introduce a few restrictions. Tliey are as follows: 

1. We shall observe the effects of jet forces during one cycle 
(16 pulses) separated from the effects of other forces. This 
can be done because of the short duration of each cycle (16 
seconds) and the small magnitude of the jet force (1 Nt) . 

2. The spinning period of the spacecraft will be assumed constant, 
e.g. the spin rate will always be 60 rpm. 

3. The fundamental plane (xy-plane) of the rotating, spacecraft- 
fixed system of reference will be the ecliptic plane of 1950.0. 

This can be assumed because the position of the spin-axis of 
Helios is almost perfectly colinear with the normal to the 
ecliptic plane (or at least within tolerable limits) . 

A. During one cycle of sixteen pulses the spacecraft will be con- 
sidered stationary, e.g. 

r(t) = r(t ), v(t) “0, t <t<t +16 sec., 
o o — — o 

where t^ is the beginning of the cycle. 

5. It will also be assumed that, at the beginning of each cycle, 
the y-axis (pitch-axis of Helios carrying the Sun sensor) of 
the rotating spacecraft-fixed reference frame is pointing at the Sun. 
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Table 1. Helios A spacecraft maneuvers 


4 Revolutions 
16 Pulses 

II 

16 Pulses 


16 Pulses 


16 Pulses 


RP » ROLL POSITIVE 
RN » ROLL NEGATIVE 
PN = PITCH NEGATIVE 


SPUP * SPIN UP. 


I 16 Pulses 


16 Pulses 
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The Three Rcterence Frames 

Without specifying the positions of their origins, we shall Introduce 
two ecliptic reference systems: the first one, XYZ is ecliptic, space- 

fixed system, with Its X-axis toward the vernal equinox point; the second 
Is the system rotating with the spacecraft at 60 rpm. Both systems are 
shown on Figure 1. The relationship between the two systems is given by 



where (}) is the angle shown on Figure 1. It is obvious that, due to the 
spacecraft's rotation, the angle Is proportional to ojt. 

Introducing now the space-fixed equatorial frame of reference, X , 
Yq, Z^, we find that 



or 
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X * 

(VERNAL EQUINOX) 


Fig. 1. Ecliptic reference systems 
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The Position of the Attitude Control Valve 

The pitch and roll motions of Hellos are determined with respect to 
another reference frame which, for the time of duration of one maneuvering 
cycle, can be considered stationary - system). Tlie x^^y^^-plane 

of this system coincides with the ecliptic plane and the y^^-axis (pitch axis) 
is alway.o an the spacecraft-sun direction (Figure 2) . The angle is the 
longitude M the Sun observed from the spacecraft, which is 

A - 180° + A, 
s 

where A is the heliocentric longitude of the spacecraft. Hencs, ^ 



Combining bqu.it ions (1) . nd (4) we find 



Measuring time since the moment when the two systems coinciuc, we obtain 
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(VERNAL EQUINOX) 

Fig. 2. Spacecraft body-fixed pitch-yaw-roll system 


TPL Technica, .-lemorandum 33-783 



Comparison of Equations (5) and (6) yields 

(J) = A + ujt + j 
and, for t = 0 (y = y^^). 



( 6 ) 


(7) 


<P 


o 



The position of the precession valve is shown on Figure 3. The angle 
0 is approxx' 3ly 38°. The nozzle is located on the lowest brim of the 
truncated cone of the Helios body. Tlie line drawn from the center of mass 
of the spacecraft (C.M. on Figure 3) to the nozzle is perpendicular to the 
axis of symmetry of the nozzle - the line of action of the jet force. The 
nozzle lies in a plane parallel to the yz-plane of the body-fixed rotating 
reference frame. The magnitude of the jet force is 

F = |m|v^ = 1 Nt. 

where m is the gas flow and v^ is the nozzle velocity of the expelled gas. 
The magnitude of the acceleration of this force is (mass of the spacecraft 
is m = 356.9 kg) : 

a = 2.802 X 10 ^ km/sec^. 

To estimate the influence of only one nozzle firing in the duration 
of one fourth of a second, on the motion of the center of mass of the 
spacecraft, we find first the i, .nigc In velocity after the firing, which is 
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Av ■ 7.0 X 10 ^ km/sec. 

Disregarding the orbital motion of the spacecraft, this change in 
velocity produces a change in the spacecraft's position in an amount of 

|Ar| = 60.5 m/day. 

Types of Maneuvers 

From Table 1. we see that there are four different types of maneuvers; 
they are : 

RP - Positive roll rotation abouts the +x-axis 

RN - Negative roll rotation about the +x-axis. 

PN - Negative pitch rotation about the +y-axis 

SPUP - (Spin up) Positive rotation about the +z-axis : increase of 

the spin rate. 

The last type of maneuver does not produce any motion of the center 
of mass of the spacecraft. The rotation rate is changed by a couple of jet 
valves which operate in a plane perpendicular to the spin-axis and generate 
a couple; therefore, assuming that the jet forces on both exhaust valves are 
balanced (or close to being equal), there is no excess force acting on the 
center of mass. 

To create a rotational motion purely abouu the x^-axis (roll motion) , 
the precession valve is activated when the angle between the y-axis and the 
y^-axis (Sun direction) is 45° (actually -45°). Tlie jet force creates also 
a pitch motion but, since the valve operates only for a quarter of a second 
(one quadrant), during the first one-eighth of a second the pitch motion 
is negative and during the next one-eighth of a second it is positive and 
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same in magnitude. Hence che total pitch motion over the complete firing 
period is zero and the outcome is a purely roll motion. The same is done 
to produce a pure rotation about the y^^-axls, by cancelling out the roll 
motion. 

Since we are not concerned with rotational motions of the spacecraft, 
we need to know only in which direction the jet force is acting for each 
particular type of maneuver. From Figure 3 we can see that the PN and KP 
motions are produced by a +F force (out of ecliptic plane to the northern 
hemisphere) , and that RN motion is produced by a -F force (out of the ecliptic 
plane, south). 

RP, RN and PN motions are schematically shown on Figure 4, and listed 
in Table 2. 

Components of the Force in the Equatorial, Space-Fixed Reference Frame 

From Figure 3 we see that the components of the jet force, along the 
axes of the rotating, body-fixed reference frame are 

/ " 

I f sin 6 

\ f cos 0 



where 


f = 


+F for RP and PN maneuvers 
-F for RN maneuvers 


The components of the force in the ecliptic, space-fixed reference frame 
are 
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and In the space-fixed equatorial reference frame, 



-sln4> 

cose COS(]) 

sine cos(() 



or 


F = -f sln9 ain't), 

X 

Fy ■ f(cose sii;3 cos4> - sine cos6), 

F » f(sine sin0 cos(J) + cose cos0) . 

z 


( 8 ) 


where the angle (j) is given explicitly in Equation (7). 


Table 2. Types of maneuvers 


Maneuver 

Type 

Means 

Force 

RP 

Positive 

Roll 

Motion 

+F 

RN 

Negative 

Roll 

Motion 

-F 

PN 

Negative 

Pitch 

Motion 

+F 
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Integration of Equations of Motion 


Since the angular orbital motion of the spacecraft, at the rate of 
A ■ 3.8 X 10 ^ rad/sec is negligible in comparison with the rotation rate 
0 ) ■ 271 rad/sec, we shall consider A as constant. Equations of motion are 

( - sin9 sin(() 

cosc sinO cos4> - sine cos0 
sine sin6 cos(() cose cos6 

TT 

where (j) ■ A + djt + - 2 . At the beginning of the first valve firing t ■ 0 

7T 

and, at the end of the first pulse tot « -j* Also, d4> * codt. The first 
integration yields (c|)^ ■ A + -j) the change of the velocity of the center of 
mass of the spacecraft due to the action of the Jet force in the form 





-(cosd) - cos(|) )sin0 
o 

cosc(sin4) - sin(|)^)sln6 - (<()-(()^)sine cos0 


^sine(sin4) - sin())^)sin0 + cose cos0^ 


where d) < 0 < —, and 0 
o — — / c 


A + j. 


Finally, we find 



~(cos(}) sinX)sin0 
cose(sin4> - cosA)sin0 - tot 
.sine(sin4i - cosA)sin0 + lot 


sine 

cose 


COS0 

COS0 


/ 


(9) 
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At the end of the first pulse, the change in the spacecraft's velocity is 
((j» * Tf + X) : 


-(sinX - cosX) sin0 


Av * I -(sinX + cosX) cosesinS - — sine cos0 

wbi I 2 

-(sinX + cosX) sint sin0 + ^ cose cos0^ 


( 10 ) 


Integrating Equations (9) once again we obtain 



(sin({i - cosX + (Dt sinX) sin0 


f ( (cosif + sinX + uit cosX) cose sin0 + sine cos0 


mo) 


( 11 ) 


y(cosi(i + sinX + wt cosX) sine sin0 - ^ cose cosQj 

2 


At the end of the first pulse the change in the spacecraft's position is 


(-sinX - cosX + — sinX) sinb 


Ar 


WLi 


(-cosX + sinX + ^ cosX) cose sin0 + ^ sine cos0 

2 o 

2 

,(-cosX + sinX + — cosX) sine sin0 - -r cose cos6> 
2 o 


( 12 ) 


Geometry of Motion 

In order to interpret the motion of the center of mass, described by 
Equations (11), we shall assume that, without any loss of generality, 

Xq( 0) = X = - Then ((> = ujt, and Equations (11) yield 
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((Ji - sini|)) sln0 



(1 - co8(Ji) cose sin0 - ^ sine cosC 


^(1 - cos({>) sine sln0 + ^ cose cos0 


In the space-fixed, ecliptic coordinates this motion is expressed by 


X » k(((> - sin4>) , 

Y “ k(l - cos((>) , 

Z - k^ 4)^ , 


where 


(jjt, and 

k 


f sin9 

2 ’ 

mu 


f CO30 
2m(i)^ 


It is obvious that the center of mass moves on a cycloidal cylinder (looking 

more like wavy roofing material), parallel to the Z-axls, and proport ional Iv 
2 2 

to t (or 4i ) up or down the surface of the cylinder, depending on whether f 
is positive or negative. The radius of the generating circle of the cycloid 
is 


k 


f sin9 
2 

mu 
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The rate at which the center of mass moves in Z-direction (out of the 


ecliptic plane) is 


f CO80 

— ’ 

and it is obvious that for 6 » 90“ the center of mass remains in the ecliptic 
plane. With 6 = 38“ , m = 356.9 kg, and f = 1 Nt, this rate is given in km/sec 
by 

2.2 X lO"^ t, 

where t is in seconds of time. This means that, due to the action of only 
one pulse, the spacecraft will move 47.5 m out of the ecliptic plane in one 
day. 

The Motion During One Cycle ( 16 Pulses) 

It is obvious that, during one complete cycle of sixteen pulses, the 
disturbing effects will accumulate. For instance, if Ar and Av [given 
respectively by Equations (12) and (10)] are respective changes in the 
position of the spacecraft and its velocity at the end of the first pulse 
lasting one quarter of a second, the total change in r and v after one second 
will be 


- 3 - 

Ar, = Ar + 7 Av 
1 4 

AVj^ = Av 
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At the end of the second firing (second cycle) the total changes in r and v 
will be 

Ar, + Ar + -7 Av ■ 2Ar + Av 
1 4 

Av + Av ■ 2Av , 


because the effects of the jet force during each pulse are the same if it is 
the same type of maneuver. After two seconds these changes will be 

Ar_ “ 2Ar + Av -7 Av ■ 2Ar + (1 + 2 - 7 ) Av 
2 4 4 

AV 2 “ 2Av 
etc. For Instance, 

« 3A? + (1 + 2 + 3.|) Av 

Av^ * 3Av , 

Ar, “ 4Ar + (1 + 2 Av , 

4 ■* 

Av, “ 4Av 
4 

At the end of the n-th second the changes in r and v are 


Ar 


nAr 


^ n (2n 




(ID 


Av “ nAv 
n 


(14) 
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where Ar and Av are given by Equations (12 and (10), respectively. For n ■ 16 
(end of one cycle) 


Ar * 16 Ar + 132 Av 

c 

(15) 

Av ■ 16 Av 

c 


One Example 

To illustrate the solution and to give a physical interpretation of the 

effects of the maneuvers on the position and velocity of the spacecraft's center 

of mass, we shall calculate the changes Ar and Av after one complete cycle 

c c 

of firings. To simplify the calculations we shall assume that X ■ 0 and 
obtain Ar and Av respectively from Equations (12) and (10) (for the obliquity 
of the ecliptic we shall take the value c * 23? AA58). We find 



or 


Ar = 



10 


-8 


km 
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and 


slnO 


or 


Av ■ — I - cose sln0 - sine cos6 

inu 1 2 

3inc sinG + y coac cos0, 


2.7455 


Av 


-4.7150 I X 10 ^ km/sec 


Hence, 


3.9717, 


3.6940 


Ar 


- 6.3043 I X lO”^ km 


5.3280y 


Av 



and. 


I A? I 


9.043 X lO"^ m, 


Av 


1.080 X 10 


-2 
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The final velocity at the end of only one cycle would produce a change 


in the spacecraft's position of 0.93 km in one day. 

The Computer Program 

A computer program, based on an unperturbed elliptical orbit of Helios, 
is written in such a manner that it yields the heliocentric ecliptic longitude 
of the spacecraft. A, which appears in Equations (10) and (12). The program 
computes the accumulated effects of the disturbing force in the heliocentric 
position and velocity of the spacecraft during first four maneuvers and can 
be extended to as many maneuvers as desirable. The cumulative effects on 
Helios A during the four maneuvers listed in Table 1 are given in Table 3. 

The complete listing of the program is given in the Appendix. 

The Implementation of the Perturbative Acceleration in the Orbit Determination 
Program 

The disturbing effects in the position and velocity of the spacecraft, 
given by Equations (15), cannot be Implemented \nto the Orbit Determination 
Program, therefore, the accelerations, producing these effects, should be 
included directly in the Input data block of the program. . .le step-function 
accelerations, given by the three equations following Equations (8) cannot 
be introduced into the program either, as the program does n- t provide a 
mathematical model for such accelerations. 

There is, however, no constant acceleration, a, which, at th'- end of 
one cycle of 16 seconds, would produce changes Ar^ and specified y 

Equations (15). If there was such an acceleration, then the equations 
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Table 3. Accumulated disturbing effects in coordinates during maneuvers 


f^ANUEuVi<t N0» 1 


LI X a 

DY > 
01 = 
u V X a 
[JVY a 
UVZ a 


-27.3A7>j6V'»r 

“22«M 

3M . Gbn2 1 23p 

-.unno 1 2 1 1. 
- . rj n n 0 n 9 A 1 
.ononiBO;, 


r 

Kl^ 

K»1 

tf '</Stc 
K M / St- C 
K M / 5 *■- C 


MAUOCijvNL NC» 2 


LX a l 0 . 7 n 9 C)lUA*i KM 

DY a 2 . 2*4 1 *4928 i KM 

DZ a -I 7 . 35809 fl 7 t, Km 

D V X a - . 0 n 0 ij I 1 I 9 K M / S E C 

DVY a -. 0000020 /. KM/S^C 

OVZ a .0000 1 8 3/ K-M/St-C 


manoeuvre no. 


DX a -.323nCS9i KM 

DY a -3.1^*4 0 790^ KM 

DZ a - 1 5.28*4997914 KM 

DVX a -.00000183 KM/b^C 

DVY a -.0000152/. KM/b^C 

OVZ a -. 000 i) 79 np km/SEc 


l' VRE 

HO* 

*4 


ux 

9 

9,69/»8097/, 

KM 

DY 

S 

-12.93*451202 

KM 

DZ 

9 

1 2. 7*407 75^9 

KM 

DVX 

= 

. U 0 n 0 1 5 2 f. 

KM /5tC 

DVY 

B 

-.00002034 

K M. / S E c 

D V Z 

S 

.0000200/ 

km/SEc 
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and 


Av = aT 
c 

with Ar^ and Av^ given, and T = 16 sec, should be satisfied simultaneously. 

This, of course, is impossible, except in the case when 2Ar = TAv , or 

c c 

Ar = 8Av , which is out of the question, 
c c 

Since the orbit determination program provides an option for occasional 

accelerations, the problem can be solved in the following manner. Let a^ be 

the acceleration given to the center of mass of the spacecraft at the beginning 

of a certain cycle, and be the acceleration added in the middle of the cycle, 
i.e. eight seconds after the first acceleration, a^ , has started acting on the 

body; both a^ and a^ should be constant vectors and their combined actions 
should produce exactly the changes in the position and velocity of the space- 
craft, Ar and Av respectively, at the end of the cycle, 
c c 

Equations describing this dynamic event are 


1 - ^2 . 1 - ,T ' 

2 ai? +2 ( 2 ) 


= Ar 


and 


a,T + < 2 > 


= Av 


where T = 16 sec., or 


128 Oj + 

32 

^2 

c 

1 1 - 
< 

II 

16 + 

8 

^2 

= Av 

c 
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L 


Solving for and we find 




'■*0 " ■ To " ®AV ) . 

I Jz c c 


Expressed in terms of changes Ar and Av, respectively given by Equations (12) 
and (10), a^ and a^ become 

a^ = 0.25 AT H- 1.0625 Av , 

a^ = - 0.5 at - 0.125 av 

It is evident that a^ and can be introduced arbitrarily at any time t^^ 
and t^ such that 

0 ^ t^ ^ t^ ^ T = 15 sec. 


In that case, the two starting equations would have the forms 


1 - 2 1 - 2 

2 ai Ti + 2 32 , 


^ + "2 ’2 ' '"'c ■ 


where ~ ^ ~ ^2 ~ ^ ” ^2‘ these equations we obtain (t^ / x^) 


2 - 2 - 

a, = X r (Ar - — Av ) , 

1 (t^ - T 2 > c 2 c 


a- = X — r (Ar - Av ) . 

2 (t^ ■ "^2^ c 2 c 


Acce lerations In The Su n- Canopus Oriented Syste m 

The system of reference axes, used in the Orbit Determination Program, 
is generated by means of the spacecraf t-Sun and the spacecraft-star Canopus 


..tTRODUCIBILITY of Tilt 

oriocnal page is poor 
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direct"! ons . This is, of course, a rotating, non-inertial system, since the 
spacecraft moves in its orbit around the Sun. The spacecraf t-Canopus direction, 
for all practical purposes, can be considered space-fixed. 


The three unit vectors along the axes of the system are given by (Reference 1) 


(U X r) X r 
c 


r U X r 
' c 


U X r 

c 

U X r 

c 


where 



is the unit vector along the spacecraf t-Canopus direction, a and 6 are respectively 
the right ascension and declination of Canopus for 1950.0 and their respective 
values are 


a = 98?02255 

6 = - 68?98877 . 
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The components of accelerations a 


1 ’ 


1 


1, 2 in this system of reference 


are then given by 


a 


i 





their values for the first four maneuvers of the Helios A spacecraft, obtained 
from the previously mentioned computer program, are listed in Table A. 
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Table 4. Helios attitude control 

time XACc 

52,31 10052S .S7S2S«iQ93-(j6 

52,3II»977‘> l fi-o7 

52,3l80b5l& .&755 jM 92 i -f.i8 

52.318M766 - .905‘u 6M J6-fl7 

52,50MU&60 -.^756 l07bA-u6 

S2,S0*«259ll .90b*476306-n7 

52.510M16SI -.5/b612M02-0& 

52,& 1050901 .90'jM7a206-u7 

52,SU666<41 -*5754.moiO-oA 

52,^1^7b892 .9Hr»H7993«-u7 

52,^229U32 5756 1 55 '*5-06 

52,^2300882 ,985m8im7M-o7 

52,58055591 .575629727-06 

52.58069795 - . 985h96236-Cj7 

52,59999990 . 5756 J957 3-06 

52,^0009291 -,9H55019‘49-o7 

52,81999937 .575639926-06 

52.81953688 -.985536991-07 

52,83888889 .575699319-06 

52,83898139 -.985511663-07 


79,32986069 -.602996828-06 
79,32995319 , I 02990788-06 
79,33982563 -.603019330-06 
79,3399 18 m . I 0 3oU2 7 39-P6 
79,39886551 - . 60 Jll39 759-o6 
79,39895802 . 1 U 3n 0 6 3 I 5- u 6 
79,35813610 - , 60 30^06 7 7 -q 6 
79,35822868 . I 0 3 0 0 9 9 7 I -u6 
79,90068295 ,603156799-06 
79,90077996 -.103026809-06 
79,92139190 .603203982*06 
79,92193990 -.103039999-06 
79,59218693 . 6 0 3 5 8 9 6 6 2- 06 
79,59227993 - . I 03 1 02 759-o6 
79,63725662 . 6 q 36 9 i 56 1 - 06 
79,637399 13 - . I 0 3 l 20626- fj6 
79,6596179? .603792130-06 
79,65970993 - . 1 03 1 2952 I -j6 
79,67769623 .603733029-06 
79,677 78873 - . I 03 1 36 7u8-u6 


maneuvers, disturbing accelerations 

^AcC ZaCc 

- . ** *1 ^ t ^ ^ 2 0-06 . I 1 5085829“06 

,709783979-07 -. I 39 059 7 3 7 "0 7 

-,993^00090-06 . 1 30297597-06 

,779 102773-07 - . I «»58o8558-07 

,992227012-06 -. 1 33985235*06 

-, 7776 1 55,) j_07 * I 7230631 1*07 

, 992^09908-06 - • 1 39 1 002 I 9*06 

-,777568901-07 .1^2509103-07 

,992155951-06 -.139205596*06 

-,777525013-07 . 1 7 2 699 92 3“ 0 7 

, 992 1 22 O 08 -O 6 -• i393i085o*06 

-,777^8i9nl-07 .172880525-07 

-,99l8075l5-06 .135281900-06 

,777000592-07 -.1^9591661*07 

-,99 I 700799-i)6 • I 356Q892 1 *06 

, 776'#990?0-07 -• 1 75169310-07 

-,991^93770-06 #135936969*06 

, 77681)7 152-07 - • 1 'S 7 9 6 88 44-0 7 

-,991;J86392-06 . I 36269o97*06 

,776669975-0; -.176329702*07 


.277100138-07 - . 9 2 9 8 1 9 3 7 3- 0 6 

-.107^89350-07 .730071035*07 

,273817996-07 -.929811287-06 

-.10735 1568-07 . 7 3p 1 087 1 I *0 7 

,2700756/7-07 -.929003687*06 

-. 106777 l«3-07 .730192935*07 

,266695799-07 -.'4 29795612*06 

-, 1 1)6 10772 1 -07 . 7301 76609-07 

-, 250880339-07 . 929755159*06 

,103^79318-07 -.730320003*07 

-.283226967-07 .828733925*06 

, I 02 1 A 1 923-07 -.730397938*07 

-, 1795759h5-07 .929501587*06 

, 9 1 2 1 I 0032-08 -.73089 1 339*07 

-, 162^00831-07 .929828655-06 

,883055807-08 -.730995575*07 

-.158319993-07 . 92938908R-06 

,868M3892-U6 -.7^1093306*07 

-,197^28176-07 .929350006*06 

,856929265-08 -.731079939*07 


..ppnonUCTBTLITY OF 

;>Si. is 


JPL Technical Memorandum 33-785 


27 


Table 4. 


(contd) 


T iiE 

?i,Jli80H77 

91,3Ud9728 

91,32638034 

91,32648087 

91,35416403 

91,35425854 

91,368U5534 

91,36014785 

91,38194370 

91 ,302U362I 
91,39583302 
91 ,39592552 
91 , ‘♦09721 37 

91, *♦0981380 


113,38140011 
113,30149261 
1 13, •♦0277767 
I 13, ‘♦0287010 
I 13,‘^Q’721 37 
I 13, ‘♦0981380 
1 13, ‘♦1666603 
I 13, ‘♦1675854 
1 13, ‘♦2361069 
1 13, ‘♦23703 19 
1 13, ‘♦3065534 
113,43064785 
1 13, ‘♦3750000 
113, ‘♦3759251 
113,45138836 
1 13, ‘♦51 40007 
1 13, *♦5833302 
113,45042562 
113, '♦6527767 
1 13, ‘♦65 3 70 18 
113, ‘♦7222 1 37 
1 13, ‘♦7231380 


X Kc 

••*601555590 - Q 6 

• 103082092-06 
-.601534701-06 

• 1 030 706 7 3-1)6 
-»60l‘4 9 5628*06 

. 103070738-06 
-*6O1m76044-O6 
. 103066059-06 
-.601457515-06 

• 103n63QlQ-rj6 
-.601438792-06 

• 1 03CS9 1 87-36 
-.601420354-06 

• 1030554 19-06 


,5937 16429-06 
- . 1 0208 I b76-06 
,5936806 10-06 
- . 1020749 I 6-06 
,5936690 1 H-36 
-. 1 02072740-06 
,593657447-06 
-.102070597-06 
,593645006-06 
-, 1 02068436-06 
%593634340-06 
-.102066296-06 
.593622029-06 
- . 102064 1 5 1-06 
-,593599822-06 
. 102059053-06 
-.593500361-06 
. 1020577 10-06 
-.5935769 1 4-06 
. 1 02055592-06 
-,593565401-06 
. 102053459-06 


^cc 

-.271^63319-06 
,513^31675-07 
-.273^*27792-06 
,51 1^81604-07 
-,268^45040-06 
,5082 1 V724-U7 
26 7^*486 7 1 -06 
,50A?29672-07 
-.266^49077-06 
,505033 ; | 3 -O 7 
- ,265^46970-06 
.503 ‘‘31 240-07 
264^*3977 1 -06 
.50 1 ^23059-07 


, 203‘^3b000-06 
-.293^20523-07 
,204231828-06 
-,294939 07 

, 20449q3 1 3-06 
-.295399296-07 
, 204 ^40542 -06 

- , ?958«i92?2-07 
,205^067 10-06 

-.296310827-07 
,205264602-06 
-.296770229-07 
,205522344-06 
-.29723721 7-07 
- . 2000372 1 0-06 
, 2931544 n 0-07 

- , 20°29.,44 1-06 

,2988 126 15-07 
- . 20«55 1 390-06 
,299U7o3P6-07 
-.20 6 8 08146- 06 
.299527710-07 


Z A C f 

,330497746-06 
-.520094901 -07 
. 3f 1 30)023-06 
-.530572310-07 

.3^3063104*06 
-.5337b433n‘07 
,333090656-06 
-.5353309 I 5,-07 

.334731 107-06 

-.536918916-07 
•335561047*06 
-.538494787-07 
. 3 3 6 3 8 7 B 0 s - 0 6 
-.540065939-07 


,300535 1 Iqi-06 
-.69ofl0359n-O7 
.388171621-06 
-.6903777 1 1 -07 
. 388053240-06 
-*6’02l2e9i-07 

, 387934794-06 

- .69qQ47677-07 
•3870161O5"O6 
-.6«98e2400*07 
t 387697344 -O 6 
-.689716764-07 
.387570420-06 
-.689550905-07 
- . 387340200-06 
•6«9210327-O7 
- . 387220862-06 
.68905 1687-07 
-.30710141 6"06 
,600004683-07 
-. 30698 1 03 1*06 
•60871741 2*07 
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APPENDIX 


COMPUTER PROGRAM FOR CALCULATION OF HELIOS MANEUVERS 


C Trtlo KKOGKAM.v.t CwMPoTLS PtKTuRoAT lONo DuE TO ATTITUDE COi^TROL MANOEUVRES 
w FuA AaoITRARY NU.'ibEK OF FI-^I,,G CYCLES. EACH CYCLE CONSISTS OF 16 PULSES. 
uhCH PuLoE lasting one GuARTER of A SECOND. JLT FORCE IS ONE NEWTON. 




NOMENCLATURE” 

Ax » THE semi-major AxiS OF THE SPACECRAFT-S ELLIPTIC 
ORSIT (NM) 

ECC = THE ORoITAL ECCENTRICITY OF THE SPACECRAFT 
EPSLN » OSLiOwiTY OF THE ECLIPTIC 

iNCL * Inclination of the crsital plane to the ecliptic 
Plane of 19so.o 

NOOL » nodal angle of the ORUITAL plane of spacecraft 

vMLGA * ARGUMENT OF THE PERlAPSIS OF THE SPACECRAFT-S ORBIT 
M ■ mean anomaly of the SPACECRAFT 

L » ECCENTRIC anomaly OF THE SPACECRAFT' 

MSTART = mean ANOMALY OF THE SPACECRAFT AT THE TIME OF 
initialization T » TSTART 

T start = initial time 

GiM = gravitational CONSTANT OF THE SUN 
MEAN = KEAN ORblTAu MOTION OF THE SPACECRAFT 
PER * CROITmL period OF THE SPACECRAFT 
N = Nj,V|iJER OF POINTS ON THE TRAJECTORY 

TSTEP = TIME STEP (DAYS) 

EPOCn = TsTART * 1974, DECEMElR 10, CC HRS, '--IM, 03 sEC. 
**«**««*****«*»«**»»***»***»««*«.«’»»«»«•***««**»»«*«*****«««««•»**««««•**«*««»«’ 


oPECIFICATlONS- 


REAL MSTART.MZER0.MEAN,LCNG .MASS . I NCL .NODE 

DIMENSION X(43)»Y(4C),Z(4C).R(40).TA(4C).T!ME(4C')»OAN(40).SAT(4C). 

1 £M(4L ) .SLC( 40) .LCMG(4C ) . |••1ANLVR ( 4 » . TELX (4C ) . CEL Y ( 40 ) ,r>ELZ ( 4C ) . 

2 DclDX(40) .DELJY(40 ) .DELD2 ( 40 ) . T A'J ( 4 ) , DX ( 4 ) , DY ( 4 ) . DZ ( 4 ) , DDX ( 4 ) . 

3 DDY (4) .CDZ(4) .XA ( 2 .40 ) . Y A ( 2 . 4C ) . ZA ( 2 .40 ) .XACC( 80 ) .YACCI 80) . 

4 lACC(80).THALF(8l) 

i\A,.|L' I /InPwT/TsTART .ToTEP.DT ,Ax.ECC,OMEGA,NO'DE. InCl .Au.MZERO. 

1 N. Il ,CH,GK,DAy,PI . EPSLN. T HE TA,MAoS.jAT .EM ,SEC .ALPHA , DELTA 
70wu READ ( 3 . I NPUT ) 
mR I T E ( 6 . 1 QUO ] 

WRITE16. INPUT ) 
mR I T E ( b . 3UOU ) 

Iloo Forma t ( iHi . 1 a . / ) 

FORMAT ( 1H1.4X//// ) 
rvAw ~ loo. /PI 

L CJ.'iPuTmT ICN ^F oNPERT'UKoED POSITIONS OF THE SPACECRAFT 
EPoLN = EPSLN/RAD 
C£ = COS (EPSLN) 

SE = SIN (EPSLN) 

ALPHA = ALPHA/RAD 
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DELTA ■ DELTA/RAD 

XCAN » CCSIALPHA)«CCS(L;£LTA) 

YCAN « SIN(AlPHA)*CCS(D£LTA) 

ZCAN » jlN(DELTA) 

MEAN ■ SIRT(GM/AX**3) 

DM * y,EAN*DAY«RAD 
per ■ 2.0*PI/(MEAN*DAY) 

MSTART « MZERC - DM«DT 
IF<MSTART.LT.0. )M5TART«MSTART+360. 

2J»3 aRITE(6*2) 

aRITE( 6.3) Ax. LCC.OMtGA, MSTART. DM . PER , I NCL .NODE 
aRITE(6.32) 

2 FORMAT (36X. -heliocentric EQUATORIAL ORBITAL PARAMETERS OF THE 
* -SPACECRAFT-//) 

3 FORMAT (38X.-AX . El 6. 6 . 1 X . -XM-/ »37X .-ECC — »F 16. 1 1/ »35X . -OMEGA ■ 

1 »F16. 11. 1X.-DEG-/.3AX. -MSTART »- » P 16 . 1 1 » 1 X .-DEG-/ » 36X . -MEAN 

2 F16. 11. 1X.-DEG/DAY-/.3AX. -PERIOD *- .F16. 1 1 . IX .-DAYS-/ » 36X . 

3 -INCL «-. F16.il. IX. -DEG-/. ?6X. -NODE »-.Fl6.1 1 »1X .-DEC-/// ) 

32 FCRMAT(1H1.2AX. -TIMES OF FIRING CYCLES-/) 

call VECTORl INCL.NODE.OMEGA.P x.PY.PZ.CX.OY.GZ) 

MSTART * MSTART/KAD 
DO 1 I>1.N 

IFd.LT.lDDAMI )>52. 

IF(I.GE.11.AND.I.LT.21 )DAN( I )>74. 

1F(I.GE.21.AND.I.LT.28)DAN( I )>91. 

IF(I.GE.28)DAN( I )=113. 

TIME(I) » ( (SEC(I)/6C. ♦ EM(I))/60. ♦ SAT(I))/2A. + DAN ( I ) 
i»'RITE(6.5)TIME( I ) 

IFd.EO.lC.OR . I. EC. 20. OR . I . EO. 27 ) wR I TE ( 6 * 6 ) 

5 FORMAT I25X. FIS. lU) 

6 FORMAT dX./) 

1 continue 

rtRlTc(6.33)PX.PY.PZ.CX.QY»QZ 

S3 FORMAT (IHI///// .12X.-P »-/ . 3 (1 5X . FI 2 .7/ ) , // , 1 2X .-0 »-/.3(15X. 

1 F12.7/).//) 
aRITE(6.7) 

7 FC.RMATdHl,/,3x,-E0UATCRIAL COORDINATES OF HEL lOS-/ // . Ax .-T I M£- . 

1 1CX.-X(XM)-.12X.-Y(KM)-.12X.-2(XM)-.1?X.-R(KM)-,1CX.-TA-,9X. 

2 -LONG-/) 

DO 8 1*1. N 

call CRblT(l.TlME( I ) .MST ART . Ax »ECC , mE An ,P x .PY »PZ .OX ,0 y ,QZ ♦ 

1 X(I).Y(I).Zd).R(I).TA(I) .L0NG( I ) ) 

RRlTE(6.9)TlME(l).X(l).Y(I).Zd).F.(I).TAcI) ,LONG( I ) 

IF( I .EG.IO.CR .I.E0.20.CR . I . EG. 27 ) wR I TE ( 6 . 9 1 ) 

9 FCRMAT(F9.2.AE17.7.2F12.3) 

91 F0RMAT(2X./) 

8 CONTINUE 

c calculation of manoeuvres 

THETA * thETA/RAD 
SPIN * 2.*PI 
AL * PI/2. 

BL » (PI**2)/8. 

CL « AL - 1. 

CT » COS(ThETA) 

ST * SIN(ThETA) 

.^RITE(6.98) 

9d format drtl.2X/ ) 

DO 11 I»1.N 

IFd.LT.lDMANUVRd ) « 1 
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1F(1.GE.11.ANJ.1.LT.21)MANUVR(2) > 2 
1F(I.3E.21.AND.I.LT.28)MANUVR(3) • 3 
1F(1*G£.28)iMANUVR(A) >■ A 
SIGN > 1. 

1F( I.GE.3.AN0. 1.LE.6)SIGN--1.C 

IF(I.GE.11.AND.I.LE.1A)SIGN—1.0 

1F(I.GE.21.AN0.1.LE.27)SIGN«-1.0 

1F(1.GE.35)SIGN>-1.0 

FORCE ■ SIG.N*l.E-c3 

WR1TE(6,99)F0RCE 

99 FORMAT (lOX, -FORCE «- .F9. 3 , IX .-<G. AM/SEC**2- ) 

RCOEF » -FORCE/ (MAss*SP1N**2) 

VCOEF « -SPIN*RCOEF 

LONG( I ) « LONG( I ) /RAD 

CX « CL*SIN( LCNC( I) ) - CCS(LONG(l») 

CYZ ■ CL*COS(LONG( I ) ) ♦ SlN(LONG(D) 

CVX ■ -SlN(U0NG( I ) ) + COS(LONG(I)» 

CVYZ « -(S1N(LCNG( I ) ) ♦ COS ( LONG( I ) ) ) 

DRX " RCOEF*CX*ST 

DRY » RCCEF*{CYZ*CE«ST ♦ BL«SE*CT' 

DRZ » RC0EF*(CYZ*SE*ST - BL«CE*CT* 

OVX » VCOEF*CVX*ST 

D''Y « VCOEF*(CVYZ*CE*ST - Al*SE*CT) 

OVZ « VCOEF* (CVYZ*SL*GT AU*C£*CT) 

OELXdJ « 16.*DRX ♦ 132.*DVX 

DELY(l) * 16.»DRY ♦ 132.*DVY 

OElZ(I) > 16.«0RZ * 132.»DVZ 

DELOXC 1 ) > 16.«OVX 
DELDY ( I ) « 16.*DVY 
DELCZC 1) > 16.«0VZ 
11 CONTINUE 
mR1TE(6*1S) 

IS* FORMAT (lHl,;tX.-TlME-.9X.-DX(KM)-. llX»-DY(KM)-,llXt-DZ(XM)-,llX. 

1 -DVX(XM/S)-i8X.-DVY(KM/S)-»6X»-DV2(KM/S)-/) 

DO 22 1 = 1 ».N 

mR1TE(6i16) T !ME( I ) »OELX( I ) »OELY( I * iDELZ< I ) tDELDXI 1 ) *DElDY( I ) » 

* DELDZd) 

IFd .LCl.lO.OR •I.Eu.20tCR . I tEO* 27 ) wR I TE ( 6 *20 ) 

16 FORMAT (1X.F7.2.6F17.9) 

20 FORMAT (IX./) 

22 CONTINUE 

C**«***«*i»t«*»***«**»«*» ACCUMO..ATE0 EFFECTS. OF MANOEUVRES #****••*#** 
WRITE(6*A) 

4 F0RMAT(1h1,//,10X»-ACCuMJLATED DliTURSiNG EFFECTS IN COORDINATES 
1 -OwRlNG MANOEUVRES-//) 

DO 10 J«l,4 
DX(J1 * 0.0 
0Y(J) * O.C 
DZ(J) * 0.0 
DDX(J) * 0.0 
DOY(J) « 0.0 
DDZ(J) ■ O.O 
IF( J.EG.l ) ISTRT=1 
IF( J.E0.2 ) 15TRT»11 
IF( J.EG.i) ISTRT-21 
IF( J.La.4 ) lSTRT»2e 
1F( J.E0.1)NFIN=l0 
IF(J.E0.2)NF1N«2C 
IF( J.E0.3)NFIN«27 
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1F( J.£Ci.4)NFIN>38 
TAUtJI « Tiy.Et.NFIN) 

DO \2 I»ISTRT..NFIN 
1C - I-ISTRT+1 
L * I-l 

ODXIJ) • ODXt •) * DELDXt 1 ) 

DCYUJ - DDYt J. ♦ OELDYt 1 ) 

OOZU) > DOZt J) DELDZt I ) 

IFtfC.EO.DOO TO 14 
DXt J) « DXt J) ♦ DELXt I ) 

OY(J) ■ DY(J) ♦ DELY(I) 

D2(J) ■ DZ( J) ♦ DELZt 1 ) 

CO TO 12 

14 CELT « (TAU(J) - TiyE(L))*DAY 

DX(J) « DXtJ) + DELX(I) + DELDXt I ••CELT 

DYtJ) « DYtJ) ♦ CELYtl) ♦ DELDy t I • *DELT 

DZtJ) ■ DZtJ) ♦ DELZII) + DELDZtl ••CELT 

12 CO.NTINLE 

MRlTEt6»17).yA,NuvRt J) »0X t J ) t ^Y IJ ) i DZ t J ) tDDXIJl »DDY t J) *002 IJ) 

17 FOK.SAT t7x»-.MA.\c;twVRL NO* - . I 5// , 14x ,-Dx ■-.F16. 6 .IXf-IOl-/ »14Xt 

1 -Cy »-.Fl6.e,ix.-XM-/tl4x,-DZ «- » F 16. 8 , lx »-XM-/ , 1 3x »-DvX •--« 

2 F16.3 .Ix.-K.M/bEC-/ f 13X.-DVY =- » Fl6. 8 , lx .-XM/SEC-/ » 1 3X . -DVZ ■-> 

3 F16.fa.lX.-A.M/6£C-///J 
1 u CO.tT 1 NuE 

CmlCulATION of accelerations X'HICH should 9E lyPLEME.NTED INTO THE 0R3IT 


DETEKMI.NATION PROCRA.y.ME 
DO 18 I ^ 1 *.N 

AlX * tDELXlI) - 4,»DEL0X ( I ) ) /64, 

AlY » (DELY(I) - 4.*0ELCYt I) )/64. 

ail “ tDELZtl) - 4.*DELDZt I ) )/64. 

A2X » t-DLLXtII ♦ 8.*D£LDxt I > '/SZ. 

A2Y * (-DELYtl) ♦ 8 . »DELDY t I • ' /32 . 

A2Z * (-DtLZtl) ♦ 8.*0CLDZt I ) • /32. 

TRANbFO.<f'.AT ILN INTO THE XSTAR, YSTAR, SYSTEM 

«DR * XCAN*XtI» ♦ YCAN*YtI) ♦ ZCAN»Z t I > 

AMAC « S0KT(RtI)**2 - UDR**2) 


LXA = YCA.N*Z t I ) 
UXY * ZCAN#xt I ) 
UXZ » xCAN*Yt 1 ) 
EIX = tX t I )*ODR 
ElY « t Y I I ) *U0R 
ElZ = IZ I I )*LD.R 


ZCAN«Yt I ) 

XCA,N*Z t 1 ) 

YCAN«xt I ) 

XCAN*N t 1 ) «*2 )/ t A.'lAS*Rt 1 ) ) 
YCAN*.<( I ) **2 )/ t AV.AC*Rt I ) ) 
ZCAN*R ( I ) **2 ) / J A.yAG*R t I ) ) 


E2X = UXX/AMAG 
E2Y » oXY/AyAS 


E2Z = LXZ/A.YAC 
E3X » X( I )/R( I ) 

E3Y = Yl I )/R( I » 

E3Z * Zl I )/RI I ) 

XAtl »I ) * A1X»E1X + 
YAt 1 . I ) = A1X*E2X ♦ 
ZA( 1 » I ) » Alx»E3x ♦ 
XA(2 . I ) = A2X*ElX ♦ 
YAt2 . I ) » A2X*E2X 
ZAI2 . I ) » A2X*E3X ♦ 


AlY* ElY * 
A1 y«E2y ♦ 
A1y*E3y + 
A2Y*£1Y ♦ 
A2Y»£2y 
A2Y*E3Y ♦ 


A1Z*E1Z 

A1Z*E2Z 

A1Z*E3Z 

A2Z*E1Z 

A2Z*E2Z 

A2Z*E3Z 


11 « 2*1-1 
12 ' 2*1 

XACCt 11) = XAllil ) 
XACCt 12) = XA(2.1 ) 
YACCt 11) = YA(1,1 ) 
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YACC( 12) > YA(2*1 ) 

ZACC(ll) > ZA(ltl) 

ZACC(12) ■ ZA(2,I) 

THAlF(II) ■ TIME( I ) 

THALFH2) ■ TIME(I) ♦ 8. /DAY 
16 CONTI i\wE 
NT2 ■ 2*N 
DO 21 I«1»NT2 

1F(UCQ.1.0R.1.E0.A1)kR1TE(6*19) 

WR1TE(6»23)THALF( 1 ) »XACC( I ) tYACCd i »ZACC( 1 ) 

1F(UEQ.20*OR .I.EQ.A0*OK • I .EQ. 8A ) wR I TE( 6 *2A ) 

19 FORMAT(lHl.//.3X.-DIiTJRBING ACCELERATIONS IN THE XSTAR* YSTAR* - 

1 -USP SYSTEM IN XM/SEC*»2-// #3X.-T IME-. 15X »-XACC-t 13X»-YACC-,13X . 

2 -ZACC-/) 

23 FORMAT(lX»F13.8t3E17.9' 

24 FORMAT (IX./) 

21 CONTINUE 

k«RlTE(6»2COu) 

2000 FORMAT (1H1.2X/) 

STOP 

END 
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SuoROOTlNE. VcCTOnl lNCL(NODii»OM£GA»Px»PYtPZ»QXiCrf. (QZ) 

C THIS SwPKCoTINl C&MPuT£G THE CCKP0NENT3 C(-‘ VECTOR.'. P> Q, AND R» 
KEAC lNCt.»NQOc 
DATA Pl/3.i4l5926S4/ 

RAO • IdO./Pl 
INCL > INCL/RAD 
NODE > NOOE/RAO 
CMEGm > OMEGA/RAO 
Cl - COS I INCL) 

SI - SIN(INCL) 

CN > COS (NODE) 

SN - SIN(NCOE) 

CO > COS(C GA) 

SO ■ SIN IOMEGA) 

Px ■ CN*C0 - SN*SO*CI 
PY ■ SN*CC ♦ CN»SC*CI 
PZ - SO«Sl 

OX « -CN»SO - SN*CO*CI 

QY ■ -SN*SO ♦ CN*CO«CI 

02 * C0*SI 

RX ■ SN*SI 

RY ■ -CN«SI 

RZ ■ Cl 

RETURN 

END 
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subroutine orbit (BcDY*TlME,MSTARTtSMA,ECC.MEAN(PXiPY»PZ»QX* 

1 UYtQZ»X»Y*Z»R*T»LONG) 

c this subroutine computes heliocentric equatorial coordinates of HELIOS 

INTEGER BODY 

real M»MSTARTtMEANtLONG 

DATA To/ 5.0/ »PI/3.1A159265A/ #DAY/86400./»EPSLN/23.4A5789/ 

RAO > 130. /PI 

EPSLN » EPSLN/RAD 

ETA * SURTdl.J+ECO/U.O-ECO) 

M » MSTART ♦ ( TIME-TO>*DAy»MEAN 
E * AN0M(ECC»M) 

R * SMA«(1. -ECC*COS(E) ) 

T * 2.*ATAN(ETA*TAN(E/2.) ) 

IF(T.GE.2.*PI )T«T-2.«PI 
XOR8 » R*COS(T) 

YORB » R*SIN(T) 

T = T»RAD 

lF(T.LT.0.)T»T+360, 

X * PX»X0R3 + QX*YCRB 

Y * PY*XCRB + 2Y*Y0R3 

Z = PZ*X0R3 + wZ*YORB 

SE » alMEPSLN) 

CE = COS (EPSLN) 

C ECLIPTIC LONGITUDE OF HELIOS 
CL « X/R 

SL * (•■'*CE + Z»SE)/R 
long * ATAN2(SL.CL) 

LONG * L0NG*RAD 
IF(LONG.i.T.O. )LONG = LONG+360. 

RET’JRi'. 

END 
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FUimCTION AN0M(ECC»M) 

C Trili Function SubROuTlNt bOLVEb the kepler-s EGUATICN 3y iterations 
real m 

DATA EPS/.CG0005/ 

ANOM * A 

2 ANOM * M + ECC*SIN(ANOM) 

TEST = ANOM - M - ECC*S I N ( ANOM ) 

IF(AdS(TEST) .GT.£PS)CO TO 2 
IF (AdS( test ) .LE.EPS) return 
END 


36 


JPL Technical Memorandum 33-785 


•INPUT 

cCC « .&21d073905<»2 
TJ>TAkT * U*U 
T3TcP * 8640waO 
Ax = .96oul973363E-^03 
ALPHA c 93.02235 
DELTA » -68.96877 
EPdLN - 23.AL37E869 
JrtECiA * 237.4 Al 9J378L 
li^CL = 23.AA69691399 
imOOc. = .u613ool038997 
MZEKl - 71 .6320^12103 
TLNCh * -5. 

Ao * .1A93973930E+9 

GM = .132712L993906C25wCE+12 

MASo - 336.9 

JT » 126.2132777778 

DAY ~ 66L00. 


iM = 36 

PI = 3.1A139263H 
THETA * 36. 

6A T — 2*7 . t A* 1 2 • » 1 ^ » 2 * 1 A a • 1 3 . * 7 . f 3* 8 . > 9 . f 
6*9.»5*1«.»3*11. 

cM - 29.t36a»6atl3**2Aaf33at3&.*2A.f32..20 
17.>A9.tl3a»29.*5J.*30.*3Catl0.t3C.*3C*i 
30.»0ail0.»2C. 

.jEC. ~ ll*oai2.af22atA3.f39.tAA..A3ay39*(31 


iGa.lA* .2*15. .16.. 2*7. ,2*8 

..33. .9.. 22a. 33. .36. .6. .12 
9. .AC. .5Ca .C. .10.. 20a. 30. . 

..53.»7*0..13.»10*0» 


. . 


. . 


• END 
-FIN 


NIF- 


JPL Techanical Memorandum 33-785 


37 



References 


1. Georgevic, R. M. , Mcfilon of the Sun-Canopus Oriented Attitude Control 
Reference Frame of the Mariner Venus/Mercury Sp.T<~ecraf t , Technical 
Memorandum 391-429, Jet Propulsion Laboratory, Pasadena, Calif., March 
30, 1973 (an internal document). 


Bibliography 

1. Georgevic, R. M., Rigid Body Dynamics , Lecture fi.tes, 1967-1968. 


38 


JLP Technical Memorandum 33-785 


NASA - -ComI I A 


